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B 1: General procedure of a gNMR experiment using an internal standard
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2: Example of a 1H gNMR Spectrum with internal standard calibration.

LEORERENTICN T EMEANRFTEZRF DI, 5~
10EHRDIRLUAIE TS 2 88O LI 58 DEE(F.
NMR E— BB GRS L EEYE OIS E. 0T 2.
ENTNDOIIFIVICFEES T 27O BLIVREYED
FEAHHENSBESTBESNE T U TILICIEDITRRYEIC
MR TBEENBRIHZENTVS O ETDEWVDSH D,
KOFTIMIZTONFTRINTVBZLITFRELTIZT L,
Tanalyte ) Ncrm ) Manalyte  Mcrm

PSampIe= : * Pcrm
ICRM NAnaIyte MCRM mSampIe

Psample  Purity of the sample as mass fraction
Pcrm Purity of the CRM as mass fraction
Imayte  Integral of the analyte signal

IcrRm Integral of the CRM signal

Number of analyte protons (phosphorus nuclei, fluorine
nuclei)

NAnalyte

Neew  Number of CRM protons (phosphorus nuclei, fluorine nuclei)
Manayte Molecular mass of the analyte
Mcrw  Molecular mass of the CRM
Msample  Mass of sample

mcrv  Mass of CRM
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[® 3: Overview on typical contributions to the relative standard uncertainty (rela-
tive squared contributions are given) for the quantification of tris(2-chloroethyl)
phosphate using phosphonoacetic acid as internal standard in a **P gNMR
measurement.
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'H quantitative NMR, TraceCERT™

)

5 5 ) )
£MES Substance (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s (mg/ml)
01380 Ethylene carbonate 45 55 >250 4.5 7.0 >250 4.5 2.7 >250 45 53 >250 45 20 >250

03826 Calcium formate 84 34 >250 - - - - - _ i - _ } R B

81 371 80 33 80 43 80 45
06185 Benzoic acid - . 77 40 150 76 37  >250 76 44 >0 77 25 80
75 34 75 30 75 39 75 26
06856 Duroquinone o - 20 33 250 20 31 30 20 40 10 20 54 20
Dimethyl 81 36 81 29 81 44 81 49
07038 i ephthalate T 40 18 M0 39 1 20 40 a4 A 39 05 B
Potassium hydrogen .
14659 0 e 75 25 3250 - - . - 79 25 50 . -
40384 LAHSTetrachloron - 78 107 >250 85 126 >250 94 96 50 68 64 10
3-nitro-benzene
41867 Dimethyl sulfone 30 29 >0 30 27 80 30 24  >250 30 33 40 29 26  >250
79 38 78 25 79 34 79 56
Ethyl 4 67 24 67 14 67 25 67 37
42582  (dimethyl-amino) - - 43 28 250 42 19  >250 43 33 250 43 41 50
benzoate 31 20 3.0 15 3.0 22 30 36
14 25 13 21 14 27 13 36
71 38 70 20 70 37 71 49
68 45 67 22 66 44 67 57
66 48 65 26 65 58 66 57
50409 Thymol T : 32 43 20 31 53 B0 oy 4y B0 55 5, 7RO
23 31 22 20 22 28 22 35
13 19 11 09 12 18 12 24
54 43 54 22 54 20 54 10
55177 Benzyl benzoate - - - 81 136 >250 80 88 >250 81 39 >250 81 24 >250
1,3,5-Trimethoxy- 6.1 47 6.1 32 6.1 48 6.7 34
14599 enzene T : 38 22 20 37 14 B0 55 o7 B0 43 g 720
12,45 70 61 69 471 69 59 69 1.7
74658  roiramethylbenzene ) 22 40 B0 o1 9 W o5 43 100 55 5y 0
89151 gé?;ethy'malon'c 13 10 100 - - - 13 07 25 14 10 250 14 20 30
92816 Maleic acid 63 61 >0 - - - 63 30 >250 63 39 10 64 23 20
93 80 91 94 91 90
94681 (l\jﬂiiti?ryofésn-zoate - - 92 61 >250 89 76 100 - - 90 82  >250
41 26 40 15 40 35

3p quantitative NMR, TraceCERT™

) 5 5 5 5
Hm&ES Substance (ppm) T1(s) s (mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s (mg/ml)
05498 Triphenyl phosphate - - - -17.7 27 >250  -17.3 1.2 >100 -17.5 3.1 >10 -17 43 >250
92214 Potassmm phosphate 008 8.0 5950 . . ) ) ) ) ) } } ) } )
monobasic
96708 :?iZSphonoacet'c 157 46  >25%0 - - - 149 15 250 177 29 250 - - -

YF quantitative NMR, TraceCERT™

5 5
HmES Substance (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) & (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml) (ppm) T1(s) s(mg/ml)
07563 A -Difluoro- - . 11058 24  >250 -1065 14 150 -1081 28 30  -1083 23 140
benzophenone
2,4-Dichloro-
53396 oro-. S . 625 23 =250 612 12 =250 -654 33  >250 63 29 250
benzotrifluoride
go730 2 Chloro-d- - . 1158 44 250 -1153 33 =250 -117.7 48 250 -117.3 47 250

fluorotoluene




Standards for 'H quantitative NMR, TraceCERT®
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Standards for '°F quantitative NMR, TraceCERT®

o -

Ethylene carbonate
01380, in DMSO-d,

Calcium formiate
03826,inD,0

Benzoic acid
06185, in DMSO-d,

Duroquinone
06856, in DMSO-d,

Dimethylterephthalate
07038, in DMSO-d

Potassiumn hydrogene
phthalate 14659, in D,0

1,2,4,5-Tetrachloro-3-
nitro-benzene 40384,
in DMSO-d,

Dimethyl sulfone
41867,in D,0

, Ethyl-4(dimethyl-amino

benzoate 42582),
in DMSO-d,
Thymol

50409, in DMSO-d,
Benzyl benzoate
55177, in CDCI,

1,3,5-Trimethoxy-benzene
74599, in CDCl,

1,2,4,5-Tetramethyl-benzene
74658, in DMSO-d,

Dimethylmalonic
acid 89151,in D,0

Maleic acid
92816,in D,0

Methyl-3,5-dinitro-benzoate
94681, in DMSO-d,

Standards for 3'P quantitative NMR, TraceCERT®

(0]
CF3 CH3 (0] (0] Q
HO-P-0 %
| OH KH2P04 (o]
Cl Cl F F F Cl OH
Potassium Triohenyl
2,4Dichloro- 4,4'-Difluoro- 2-Chloro-4- Phosphonoacetic phosphate riphenyt
. X X . phosphate
benzotrifluoride benzophenone Fluorotoluene acid monobasic 05498
53396 07563 80730 96708 92214
T T T T T T T T T T T T T T
-60 -80 -100 -120 20 0 -20

4: Example spectra for all TraceCERT™ CRMs for gNMR in organic solution and / or D20 respectively



TraceCERT™ Certified Reference
Materials for gNMR
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TraceCERT SIGMA-ALDRICH' .
Tmoealgegﬁedlﬁemﬂcemwﬁils SU pelCO —C\ Lg: q N M R % (= DQD-I_ = hft_ 1H 19F 31P® 7‘:_ 60 o)un_,\
Coartifirata e SFZ#EY)E (CRM/Certified Reference Material) ZI L TL)
= s W | E| E e S Y eI . . .
oS T FTINTOHEmIE. NIST (National Institute of Standards
This certificate is designed in accordance with ISO Guide 31", \ . ~— S _ N
: and Technology) SRM F7zi& NMIJ OIZZEME I~ —1 T
Product name: 2,4-Dichlorobenzotrifluoride LT,
Product no.: 53396 Traceability
ot no. Cl . N
vy St?.tement CFs ISO/IEC17025 & ISO Guide 34 DREZZ 1o isR TELS &
Molecular mass: 215.00 g/mol
C.QC. NOERTAER RS ORE LAJLTAES L £ 9, HHTEIRED
Certificate issue date: February 08, 2017, . . — -
Eenmo:l?vevs\on: glmm Exptnratlon W‘J%ES‘CE—\L\%%%g@giﬂ’)b\fﬁﬁgﬁ LTWETS,
ity dte: ate
Certified value and uncertainty according to ISO Guide 35 and Eurachem/CITAC Guide ! —— _
Subst : :‘emlied value Expanded uncertainty, U= k'w (k=2) B%&%@ q NMR &Z 7 "' HiL 7“—5‘*:‘5_%#@% % }E D— Ej] ““ zlg
ubstance as mass fraction (g/g) as mass fraction (g/g)
o o P
BT U -) 2205, @ Expanded HEESR—JBEDORLIC. 22D CRM O I FILDTIHIL
benzotrifluoride D i ° R - N <
Certified Uncertaity ®IEN. o7 AR ERIBREIBEL TV E T, 16— DDA
Minimum sample size: There is no recommended rr%r&Hugn gg‘%)wew ht. The substance is liquid at
° d theref h gd h \dit Pq | - o —
nomogenaty s covered by the oxpanded meascrement snoaraity, oo ICZRTRILDOFZERLTOET,
Intended use: Use this certified reference material (CRM) as internal standard for quantitative

F-NMR measurements only. The content of this CRM was determined by °F-

GNMR spectroscopy.

Storage and handling:  The CRM should be stored in the original bottle at room-temperature (20-25°C).
After use the bottle should be tightly closed and protected from excessive
moisture and light. Storage under Argon is recommended.

@ Ssignaturesand

Accrégifation \mps
‘\_ ._p n

1SQMEC 17025 10 9001
ShS ooy 005356 QM08

CRM operations:

Certification body:
A

Sigma-Alrich Production GbH, Industrestrasss 25, 9471 Buchs/Switzerand, SIS = L CUEITI
Certificate page 1 of 4 AT 188 Bare P oy o1 7305440 AL

5: Example of a Certificate 94681 Methyl 3,5-dinitrobenzoate (first page)
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